Abstract: Multi-environment 
INTRODUCTION
Compared to other African countries, rice cultivation in Ethiopia is a recent phenomenon, most probably started in the late 1960s. Currently, the crop showed increasing trends in terms of area, total production and productivity. The country has a highly potential land of 5million ha for rain fed rice cultivation [1] . In Ethiopia, rice is used in the preparation of local foods such as injera, dabbo, genffo, kinchie and shorba [2] . Moreover, the crop is means of employment and income source to the farming community. Low productivity, diseases occurrence and erratic rain fall pattern are rice production constraints in Ethiopia. Low productivity, mainly in the upland rice production system, is attributed to, among other things, lack of high yielding varieties, terminal moisture stress and low soil fertility [1] . In Ethiopia, multi-environment variety trials have been conducted primarily to identify high yielding varieties of wider adaptation that are early maturing and resistant to major diseases of rice. Multi-environment trials allow breeders to select the best-performing genotype for their target regions by assessing the relative performance of genotypes under a variety of locations and environmental conditions [3] . Genotypes tested in different locations and over years have significant fluctuations in yield due to variations in soil fertility, unpredicted rainfall and presence of other biotic and abiotic stresses [4] . Such differential response of genotypes to different environmental conditions is termed as genotype by environment interaction (GEI). GE interaction reduces the genetic progress in plant breeding programs through minimizing the association between phenotypic and genotypic values [5] . Hence, GE interaction must be either exploited by selecting superior genotype for each specific target environment or avoided by selecting widely adapted and stable genotype across wide range of environments [6] . Through determining GEI effects, several methods of estimating phenotypic stability and adaptability are often used [7, 8] . However, the additive main effects and multiplicative interaction (AMMI) [9] and the genotype main effects plus genotype by environment interaction effects (GGE-Biplot) [10] are the two most frequently used tools for multi-environment trials data analysis. Hence, the present experiment was executed to evaluate the performance and stability of introduced upland rice genotypes for wider and /or specific recommendation for cultivation in North-West Ethiopia.
MATERIALS AND METHODS

Planting Materials, Experimental Design and Test Locations
Including one check, a total of 16 introduced (from Africa Rice Centre) upland rice genotypes (Table  2) were evaluated from 2010 to 2012 at four locations consisting of eight environments. The locations where the trials were conducted differ in soil type, altitude, temperature, rainfall received per annum (Table 1) . At each location, the trial was laid out in a randomized complete block design (RCBD) of three replications. Each plot had six rows of 5 m long with spacing of 0.2 m between rows. Fertilizer (UREA and DAP) was applied as per the recommendation of each respective location. Total DAP was applied at planting while urea was applied one third at planting, one third at tillering and the remaining one third at panicle initiation. Seed rate of 60 kg ha -1 was used and seeds were directly drilled in a row. Plantings were done in the main rainy season following the optimal dates in each respective location. 
Data Collection and Statistical Analysis
Data were collected for days to heading, days to maturity, panicle length, plant height, filled grains/panicle, fertile tillers/plant, grain yield, and 1000 seed weight. Grain yield (t ha -1 ) was estimated based on adjustment at 14% moisture level on the basis of four central harvestable rows. The grain yield and other agronomic parameters were subjected to analysis of variance using the SAS version 8.1software. The grain yield data were also subjected to the Additive Main Effect and Multiplicative Interaction (AMMI) analysis. The GGE-biplot analysis was also used for ranking genotypes based on grain yield performance and stability and also for detecting wider and /or specifically adapted genotype(s).
RESULTS AND DISCUSSION
Analysis of Variance and Agronomic Performance
The combined analysis of variance for grain yield and other agronomic characters showed significant differences (P≤ 0.01) due to main effects such as genotypes and test locations. The analysis for year effect also revealed significant variation (P≤ 0.01) among genotype in terms of all characters except in grain yield (Table 3 ). The genotype x location interaction effect was significant (P ≤ 0.01) for days to heading, days to maturity, panicle length, plant height and grain yield whereas genotype x year interaction found to be significant only for days to heading, days to maturity and plant height. On the other hand the location x year interaction showed significant variation (P ≤ 0.01) for all characters considered. Significant effect of location x year interaction emphasizes that influence of locations on grain yield of rice genotypes during years are obviously different.
The three way interaction of genotype x location x year revealed significant variation ((P ≤ 0.01) only in days to heading, panicle length, filled grains per panicle and grain yield ( Table 3 ). The significant genotype x location x year interaction effects for grain yield demonstrated that genotypes responded differently to the variation in locations and years indicating the necessity of testing rice genotypes at multiple locations and over yeas Note: *,**, *** significant at 5%, 1% and 0.1% respectively, NS= not significant, DTH=days to heading, DTM= days to maturity, PL= panicle length, PH= plant height, FGP= field grains per panicle, FTP=fertile tillers/plant, GY= grain yield (kg/ha), TSW= 1000 seed weight (g).
Significant interaction differences of genotypes × year × location implied that application of stability analysis for identifying widely and/or specifically adapted rice genotype is essential. These results are in agreement with those of [13] and [14] .
In the current study, as depicted by (Table 3) , the overall agronomic performance of 16 genotypes seems good in terms of characters considered. The mean grain yield of 16 genotypes ranged from 1929.5 (G3) to 4085.8kgha -1 (G11). The Genotypes G11, G4 and G9 with grain yield of 4085.8, 3975.8 and 3853.3 kg ha -1 , respectively were the three high yielding genotypes. Compared to the standard check (G16), the top high yielding three genotypes (G11, G4 and G9) gave grain yield advantage of 22.8%, 19.5% and 15.8%, respectively. Of tested 16 genotypes, only these three genotypes performed significantly above the standard check. The three genotypes also performed better in terms of 1000 seed weight and in filed grains per panicle (Table 3) . 
AMMI Analysis of Variance for G X E Interaction
The AMMI analysis is indicated in Table 4 . The MMI analysis of variance for grain yield (kg ha -1 ) of 16 upland rice genotypes evaluated across eight environments revealed that the main effects of genotypes (G) and environments (E) accounted for 53.8% and 26.8 % of the treatment sum of squares, respectively. The G x E interaction also accounted for 19.4% of the treatment SS. The analysis showed that variations due to G, E and G x E were significant ((P < 0.001). The large sum of squares for genotypes indicated that the genotypes were diverse, with large differences among genotypic means causing most of the variation in grain yield, which is in contrary with the findings of [15, 16, 1] , in which the environments exhibited larger sum of squares than that of the genotypes. The presence of G x E interaction (GEI) was clearly demonstrated by the AMMI model, when the interaction was partitioned among the first three interaction principal component axis (IPCA) as they were significant in predictive assessment ( Table 4 ). The first and the second interaction PCA were highly significant (P < 0.001), capturing 35.6% and 27.1% of the total variation in the GxE interaction SS, respectively. The third interaction PCA was also significant (P < 0.01), capturing 18.8% of GE interaction SS while the forth interaction PCA was not significant. The first three interaction PCA axes jointly accounted for 81.5% of the GxE interaction SS (Table 4) .
AMMI Stability Analysis and Grain Yield Performance
In the current study, inconsistency in grain yield ranking was observed from environment to environment (Table5) which indicated the presence of possible crossover G x E interaction as described by Yan and hunt (2001) . It is commonly reported that multi-environment data may constitute a mixture of crossover and non-crossover types of G x E interaction in which the former indicated the change in yield ranking of genotypes across environments and the later shows constant yield rankings of genotypes across environments [17, 18] . The environments mean grain yield ranged from 2131.1 for E7 to 3494.3 kaha -1 for E2 (Table 5 ).
In AMMI-I biplot (Figure1), If a genotype or an environment has a IPCA1 score of nearly zero, it has small interaction effects and considered as stable. When a genotype and environment have the same sign on the PCA axis, their interaction is positive and if different, their interaction is negative [19] . Genotypes and environments on the same parallel lines have similar yields and a genotype or environment on the right side of the midpoint of this axis has higher yields than those of left hand side. Accordingly, among the upland rice genotypes, G11, G1, G4, and G10 generally exhibited high yield of positive IPCA1 score, out of which G11 and G1 had high IPCA1 scores in which G11 being the overall best genotype. Hence, the G11 was identified as specially adapted and the highest yielding genotype to the corresponding environments (Figure 1 ). On the other hand G9, G16 and G14 were high yielding genotypes with negative IPCA1 scores. Of 16 genotypes, G9, G10, G8, G15, G2, G6 and G13 were with near zero IPCA scores and hence have less interaction with the environments out of which only G9 and G10 had above average yield performance. Among environments, E6, E3, E4, and E8 exhibited near zero IPCA1 score and hence had small interaction effects indicating that all the genotypes performed well in these locations. Of the environments, however, E6 and E3 were most favorable environments for most genotypes while E2, E7 and E1 were good for only few genotypes [20] and [21] reported similar pattern of interactions In AMMI 2 biplot (Figure2), the environmental scores are joined to the origin by side lines. Sites with short spokes do not exert strong interactive forces. Those with long spokes exert strong interaction. Hence, environments E2, E6, E7 and E3 exerted strong interaction forces while the rest four did less. On the other hand, the genotypes near the origin are not sensitive to environmental interaction and those distant from the origins are sensitive and have large interaction. In the present study, G11,G15, G2, G1, G12, G14 and G16 had more responsive since they were away from the origin whereas the genotypes G8, G4, G10, G6, G9, G5, G3, G13 and G7 were close to the origin and hence they were less sensitive to environmental interactive forces while genotypes G9, G6 and G8 were the most closest to the origin and hence had almost no interaction forces. 
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Figure 2. AMMI-II biplot for grain yield (kg ha -1 ) showing the interaction of PC1 against PC2 scores of sixteen upland rice genotypes (G) and eight environments(E)
.
GGE bi-plot Analysis
GGE bi-plot can best identify G x E interaction pattern of data and clearly shows which genotypes performs best in which environments, and thus facilitates mega-environment identification than AMMI. Otherwise, both GGE and AMMI models are equivalent as far as their accuracy is concerned [22] . The polygon view of the GGE bi-plot (shown in figure 3) indicates the best genotype(s) in each environment [10] . The vertex genotypes (G11, G9, G16, G7 and G3) have the longest vectors, in their respective direction, which is a measure of responsiveness to environments. The vertex genotypes for each sector are the ones that gave the highest yield for the environments that fall within that sector. The genotype with the high yield in E7, E5, E4, E6, E3, E8 and E1 environments is G11, followed by G4, G9. In E2 the best genotypes is G14. The other vertex genotypes (G7 and G3), are poorest in all environments because there is no location in their sectors. 
Mean Grain Yield and Stability Performance
The ranking of 16 upland rice genotypes based on their mean yield and stability performance are shown in Figure 4 . The line passing through the bi-plot origin is called the average tester coordinate (ATC), which is defined by the average PC1 and PC2 scores of all environments [23] . The line which passes through the origin and is perpendicular to the ATC represents the stability of genotypes. Either direction away from the bi-plot origin on this axis indicates greater GE interaction and reduced stability. For selection, the ideal genotypes are those with both high mean yield and high stability. In the bi-plot, they are close to the origin and have the shortest vector from the ATC.
Figure 4. Ranking genotypes based on mean grain yield and stability across environments
As shown in Figure 4 , the genotype G4, followed by G9, can be considered as genotypes with both high yield and stability performance. The genotypes with highest yielding performance but relatively with low stability was G11, whereas the genotypes with low yield and low stability were G16, G14, and G1. The other genotypes on the right side of the line with no arrow have yield performance greater than mean yield and the genotypes on the left side of this line had yields less than mean yield. Of the genotypes, G10 was the most stable, followed by G9 with better mean yield performance. According to this bi-plot (Figure 4 ), G11 can be recommended for specific adaptation whereas G4 and G9 relatively for wider adaptation.
CONCLUSION AND RECOMMENDATION
The results indicated that yield performance of upland rice genotypes were influenced by GE interaction effect, the environments and genotypes as well. Grain yield is a complex trait that is affected by a number of component characters along with the environment directly or indirectly. AMMI and GGE statistical models could be a great tool to select the most suitable and stable high yielding genotypes for specific as well as for diverse environments. In the present study, AMMI model has shown that the largest proportion of the total variation in grain yield was attributed to genotypes and somehow to environments. GGE bi-plot analysis also allowed to visualize the winner genotype at each sector and to identify high yielding and stable genotypes. The mean grain yield value of genotypes averaged over environments indicated that G11 had the highest (4085.8 kgha -1 ), followed G4 with grain yield of 3975.8kgha -1 . As revealed by AMMI and GGE bi-plots, the genotype G11 was identified as specifically adapted to Fogera (Woreta areas). This is in line with the recommendation of the National Variety Release Committee of Ethiopia. The committee declare its decision on G11 to use as variety based on mean yield performance and farmers feedback. Therefore, G11 could be popularized in wider scale in Fogera and in other ecologies of similar conditions.
